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PRINTABLE LIGHT-EMITTING 
COMPOSITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national phase application of PCT/ 
US2009/060555, ?led Oct. 13, 2009, which claims the bene?t 
ofU.S. ProvisionalApplicationNo. 61/105,018, ?led Oct. 13, 
2008, all of which are hereby incorporated by reference in 
their entirety. 

BACKGROUND 

1. Field of the Invention 
This invention relates to light emitting compositions and 

light-emitting devices that include the light-emitting compo 
sitions. Speci?cally, this invention relates to light emitting 
compositions that are printable and light-emitting devices 
that include iridium-functionalized nanoparticles. 

2. Description of the Related Art 
Organic Light Emitting Diodes (OLEDs) can be composed 

of small molecule or polymeric ?uorescent or phosphores 
cent compounds. OLEDs comprise a cathode, a hole trans 
porting layer, an emissive layer, an electron transporting layer 
and an anode. OLED devices emit light as a result of recom 

bination of positive charges (holes) and negative charges 
(electrons) inside an organic compound (emissive) layer. This 
organic compound is referred as an electro-?uorescent mate 
rial or electro-phosphorescent material depending on the 
nature of the radiative process. As OLED devices have devel 
oped to increase luminousity and increased lifetimes, addi 
tional layers, such as hole blocking layers and electron block 
ing layers, have been incorporated into the OLED device. 
However, introducing more layers of materials has made the 
OLED structure increasingly complex. This increased com 
plexity makes the fabrication process signi?cantly more dif 
?cult. The addition of layers also makes fabrication more 
dif?cult because poor control of layer thickness may impair 
performance. Thus, improving the performance of OLEDs is 
often tedious, dif?cult, and expensive. 

There are several methods for manufacturing these above 
described layers within an OLED device. Primary method 
ologies include dry processing and wet processing. Dry pro 
cessing is processing performed without a liquid. Examples 
of a dry processing operation include dry etching, laser abla 
tion, chemical vapor deposition and vacuum deposition. Dry 
processing methods have several drawbacks, including dif? 
culty controlling the thickness or composition of a previously 
deposited layer during serial deposition, high cost of equip 
ment set up and maintenance, slow processing, and dif?culty 
with substrates having a large area. Thus wet production 
methods may offer signi?cant advantages. 

Solution or wet-processing includes the dissolution or sus 
pension of the precursor materials in a solvent and the appli 
cation of the solution to the desired substrate. Exemplary 
methodologies include spin coating and inkjet applications. 
Spin coating can be undesirable because large quantities of 
the dissolved solution are spun off of the desired surface 
during the coating process. Thus, large amounts material is 
wasted production costs are higher. 

lnkj et fabrication is less expensive. lnkj et fabrication also 
allows ?ne patterning in a simple manner and in a short time. 
Furthermore, it provides better control of luminescent char 
acteristics such as color balance and brightness (luminance) 
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2 
because the thickness of the layer is easily controlled through 
adjustment of the discharge amount of the ink or by adjusting 
the ink concentration. 

SUMMARY 

The inventors have discovered compositions that are, inter 
alia, useful as ink compositions that may be used in inkjet 
printers to fabricate light emitting compositions and devices. 
Some embodiments described herein relate to compositions 
comprising an iridium-functionalized nanoparticle that can 
include a nanoparticle core and an iridium-complex. In other 
embodiments, the iridium-functionalized nanoparticles 
described herein are light-emitting, e. g., white light-emitting. 
One embodiment disclosed herein is a composition com 

prising an electron transport compound, an emissive com 
pound, and an organic solvent, wherein the emissive com 
pound is represented by formula (1): 

X013 ., 
wherein core is a nanoparticle core, n is 2, X is a single bond 
or 

(I) 

each 

is independently a ?rst optionally substituted bidentate 
ligand; 

(Y Z 
is a second optionally substituted bidentate ligand selected 
from: 

wherein m is an integer in the range of 1 to 9, p is an integer 
in the range or 1 to 20, Z is 0, 1 or 2, R1 is selected from alkyl, 
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substituted alkyl, aryl and substituted aryl, R2 is selected 
from: alkyl, substituted alkyl, aryl and substituted aryl, and * 
. . . . \ Y N indicates a point of attachment of the second optlonally sub- , C \ D 

. . . —S1—O— lr 

st1tuted b1dentate ligand to the core or X. / 2/ C 
One embodiment also disclosed herein is a composition 5 

comprising an electron transport compound, an emissive 
compound, and an organic solvent, Wherein the emissive 
compound is represented by one of the following formulas: 

2 

and R" is represented by 

Wherein R' is represented by 
40 R5, 

k 

Wherein k is 0 or an integer selected from 1 to 20, and R5 is 
2 45 independently selected from the following: 

01' 

of @a QN NO ; 
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-continued 

O \ / O 
\ N N / 
N/ \N 

, and 

1? 

O N R 

/ O 
N / 
\N 

R 

wherein R is independently selected from H or alkyl, and * -Cominued 
indicates a point of attachment in R3 . 

Another embodiment provides a method of fabricating a 
light-emitting device comprising depositing any composition 
disclosed herein upon an electrically conductive substrate via 
an inkj et printer. 

40 

Another embodiment provides a composition (IV) com 
prising: an emissive compound represented by Formula (IV), 45 
and an electron transport compound; and an organic solvent. 

Formula (IV) 
R4 
\ O R4 50 

R4 OVSi/ Far/RS andR5 is 
/ O I \Si/ Si/\ 

/ \ O 
40 S' O 3/ R z I l 

\ 90/“ 55 
/sr\ /Si’0 R4 O | 

With respect to Formula (IV), each R4 is independently 60 
selected from: 

O * and 65 
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Another embodiment is composition (V) comprising: an 
emissive compound represented by Formula (V), an electron 
transport compound, and an organic solvent. 

With respect to formula (V), each R6 is independently 
selected from the following: 

These and other embodiments are described in greater 
detail below. 

DETAILED DESCRIPTION 

A nanoparticle is a particle having a cross-sectional mea 
surement (e. g., diameter if spherical) of about 100 nm or less. 
Nanoparticles may be soluble or insoluble polymers (copoly 
mers, hyperbranched polymers, etc), having the ability to 
aggregate, accumulate and/or self-assemble into particles of 
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12 
about 100 nm or less. The silsesquioxane group of the for 
mula (II) is an example of a nanoparticle. 

Dendrimers are examples of nanoparticles. Dendrimers are 
branched molecular materials that exhibit useful properties of 
both small molecules and polymers. See e.g. Fréchet, J. M. 1.; 
Hawker, C. J. Comprehensive Polymer Science, 2nd Supple 
ment; Pergamon: Oxford, England, 1996; pp 140-206. A den 
drimer is a substantially monodisperse synthetic macromol 
ecule possessing a three-dimensional architecture that 
comprises a central core, highly branched but substantially 
regular iterative building units, and numerous peripheral end 
ing groups. A more detailed description of these terms is 
found in G. Odian, Principles of Polymerization, John Wiley, 
NewYork, 2'” Ed., 1981, pp. 177-179 and in W. R. Sorenson, 
F. Sweeney and T. W. Campbell, Preparative Methods of 
Polymer Chemistry, John Wiley, New York, 3rd ed., 2001, pp. 
442-444, both of which are hereby incorporated by reference 
in their entireties. The numerous functional groups in the 
periphery of dendrimers are ideally suited for the incorpora 
tion of light-emitting lumophores, e. g., by covalent bonding. 
Modi?cations of peripheral functional groups in dendrimers 
to accommodate the attachment of lumophores can be carried 
out by general methods described in “Dendrimers III: Design 
Dimension Function”, Vogtle, E, Vol. Ed. Top. Curr. Chem. 
2001, 212. Similar methods may also used to functionalize 
polymer nanoparticles. 

Unless otherwise indicated, when a substituent referred to 
as being “optionally substituted,” or “substituted” it is meant 
that the sub stituent is a group that may be substituted with one 
or more group(s) containing about 1 to about 20 atoms indi 
vidually and independently selected from alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het 
eroaryl, heteroalicyclyl, aralkyl, heteroaralkyl, (heteroalicy 
clyl)alkyl, hydroxy, protected hydroxyl, alkoxy, aryloxy, 
acyl, ester, mercapto, alkylthio, arylthio, cyano, halogen, car 
bonyl, thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocar 
bamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, 
N-sulfonamido, C-carboxy, protected C-carboxy, O-carboxy, 
isocyanato, thiocyanato, isothiocyanato, nitro, silyl, sulfenyl, 
sul?nyl, sulfonyl, haloalkyl, haloalkoxy, trihalomethane 
sulfonyl, trihalomethanesulfonamido, and amino, including 
mono- and di-substituted amino groups, and the protected 
derivatives thereof. 
The term “aryl” as used herein refers to single C3_2O car 

bocyclic and poly-C3_20 carbocyclic ring systems with a fully 
delocalized pi-system. Exemplary aryl groups are phenyl and 
naphthyl. 

The term “alkyl” as used herein is a linear or branched 
chain of one to thirty-?ve carbon atoms. Examples of alkyl 
groups include but are not limited to methyl, ethyl, propyl, 
isopropyl, n-butyl, iso-butyl, tert-butyl, and the like. 
The term “cycloalkyl” as used herein refers to fully satu 

rated single carbocyclic and poly-carbocyclic ring systems 
with three to thirty ?ve carbon atoms. 
A “monodentate ligand” refers to a ligand which forms one 

bond (e.g., a coordinate covalent bond and/or covalent bond) 
to a central atom, such as a metal ion, A monodentate ligand 
can be a neutral molecule or an ion with a lone pair. A 
“bidentate” ligand refers to a ligand which forms two bonds 
(e.g., a coordinate covalent bond and/or covalent bond) to a 
central atom. 
As used herein, the term “phosphorescence” refers to emis 

sion from a triplet excited state of an organic molecule. The 
term “?uorescence” refers to emission from a singlet excited 
state of an organic molecule. 
An “aggregate emitter” comprises two or more light-emit 

ting compounds that are bound in the ground state and/or in 
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the excited state. An “excimer” is a dimer with an excited state 
wavefunction that extends over two identical molecules, and 
is formed when the light-emitting compounds comprising the 
aggregate emitters are bound in the excited state but not in the 
ground state. 

The term “silsesquioxane” is the general name for a family 
of polycyclic compounds consisting of silicon and oxygen. 
Silsesquioxanes are also known as silasesquioxanes and 
polyhedral oligomeric silsesquioxanes (POSS). 

The “work function” of a metal is a measure of the mini 
mum energy required to extract an electron from the surface 
of the metal. 
A “high work function metal” is a metal or alloy that easily 

injects holes and typically has a work function greater than or 
equal to 4.5. 
A “low work function metal” is a metal or alloy that easily 

loses electrons and typically has a work function less than 4.3. 
A “wet process” is used herein in its ordinary sense as 

understoodby those skilled in the art and includes a process of 
laying down a layer where the materials that are included in 
the layer are in aqueous or organic solution. Examples of wet 
processes include but are not limited to spraying, spin coat 
ing, drop casting, inkjet printing and screen printing. 
A material is white light-emitting if it emits white light. 

White light is light having the approximate CIE color coor 
dinates (XII/3, Y:1/3). The CIE color coordinates Cid/3, 
Y:1/3) is de?ned as the achromatic point. The X andY color 
coordinates are weights applied to the CIE primaries to match 
a color. A more detailed description of these terms may be 
found in CIE 1971, International Commission on Illumina 
tion, Colorimetry: Official Recommendations of the Interna 
tional Commission on Illumination, Publication CIE No. 15 
(E-1.3.1) 1971, Bureau Central de la CIE, Paris, 1971 and in 
F. W. Billmeyer, Jr., M. Saltzman, Principles of Color Tech 
nology, 2nd edition, John Wiley & Sons, Inc., New York, 
1981, both of which are hereby incorporated by reference in 
their entireties. The color rendering index (CRI) refers to the 
ability to render various colors and has values ranging from 0 
to 100, with 100 being the best. 
An embodiment provides a composition comprising an 

electron transport compound, an emissive compound, and an 
organic solvent. In some embodiments, the composition may 
further comprise a hole transport compound. The composi 
tion is useful for making a light-emitting device by a printing 
process. The composition may be used with an inkjet printer. 

The emissive compound comprises an iridium complex 
attached to the nanoparticle core (i.e., iridium-functionalized 
nanoparticle). In some embodiments, the iridium-complex 
can be a phosphorescent emitter. In one embodiment, the 
iridium-functionalized nanoparticle is represented by For 
mula (I) as follows: 

(I) 
Y N 

'@ \ Z/ ric 
The core in Formula (I) represents the nanoparticle core, 
while 

n. 

(>42) n 
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14 
represents the iridium complex. The n in the iridium complex 
is 2, each 

Z) 
is independently a ?rst optionally substituted bidentate 
ligand, and 

Y 

(Z 
is a second optionally substituted bidentate ligand. The X in 
Formula (I) may be a single bond or 

In some embodiments, the second optionally substituted 
bidentate ligand may be selected from 

wherein m is an integer in the range of 1 to 9, p is an integer 
in the range or 1 to 20, Z is 0, 1 or 2, R' is selected from alkyl, 
substituted alkyl, aryl and substituted aryl, R2 is selected 
from: alkyl, substituted alkyl, aryl and substituted aryl, and * 
indicates a point of attachment of the second optionally sub 
stituted bidentate ligand to the core or X. 

In some embodiments, the iridium-functionalized nano 
particle of Formula (I) further comprises at least one host 
attached to the core, wherein the at least one host may be a 
hole transport material, an electron transport material or a 
mixture thereof. In other words, the at least one host is inde 
pendently selected from a hole transport material and an 
electron transport material. In some embodiments, the at least 
one host may comprise 

R5 
k 

wherein k is 0 or an integer selected from 1, 2, 3, 4, 5, 6, 7, 8, 
9,10,11,12,13,14,15,16,17,18,19 and 20. Each R5 is 
independently selected from the following: 
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-continued 
>F 

N 

O \ / O 
\ N N / 
N/ \N 

, and 

>F 

N 

N 
R 

/ O 
N / 
\N 

R 

wherein R is independently selected from H or alkyl, and * _Cominued 

indicates a point of attachment. The 5"; indicates that the bond 3 (In) 
is attached to the core. R 

45 I \ / 
In some embodiment, the core may comprise a moiety R3_Si l31 

selected from the group consisting of a silsesquioxane, a / \O O /Si—R3; 
cyclophosphazene, a triaZine, a cyclodextrin, a calizarene, a S. /O_ \ Si/O 
phthalocyanine, and a silica particle. In one embodiment, the \SI/O\ IO? IO 0/ \ 
core is [POSS]. 50 RH// 1 SiO/ \$< O 

In some embodiments, the iridium-functionalized nano- \ 04L\ 0 / 
, . . ./ ,Si /Si part1cle or the em1ss1ve compound may be represented by the R3_Sl \ O \O, I \O\ / 

following formulas: / Si, 31/0 Si 
0/ \o/ \O \ 3 

55 / \ R 

/ l\ / l\ 
(11) R3 R3 

R3 R3 
\ I /O\ ./ 

, 0-S1 3 [SI 
R\S{//O\ S/i,O \ 60 Wherein both R' and R" are Ir complexes, R' is represented by 

R3 R3 or 65 
2 
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or is independently a ?rst optionally substituted bidentate 

and R" is represented by 

5 Y 

2 C 2 

0 is a second optionally substituted bidentate ligand. The R3 is 

2, R5, 
k 

15 

N Wherein k is 0 or an integer selected from 1 to 20. In some 

) 20 embodiments, R3 may be a host, and each R5 in Formula (I), 
(II), and (111) can be independently selected from the folloW 
ing: 

Wherein each 

O“ O" QN NQ ; 

I? o R 

o o R R RR 

R O 
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-continued 

and 

wherein R is independently selected from H or alkyl, and * embodiments, a light-emitting composition may comprise a 
indicates a point of attachment to Si or the alkyl group in R3. 65 plurality of the iridium-functionalized nanoparticles inde 
In some embodiments, more than one host may be present in pendently selected from the compounds of Formula (I), (H) or 
an iridium-functionalized nanoparticle complex. In some (Ill). 
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In some embodiments, the ?rst optionally substituted 
bidentate ligand may be independently selected from the 
following: 

/ 

and optionally substituted derivatives thereof, wherein I indi 
cates a point of attachment to the Ir. In some embodiments, 
the ?rst optionally substituted bidentate ligand may also be 
independently selected from substituted derivatives of the 
following: 

\ \ \ 

/N /N /N 

F 

i, i, 11, 

F F3C 

F F 

20 

30 

50 

55 

28 
-continued 

I \ _ 

/N Z N/NH 

*, and t, 

F 

CF3 F 

wherein I indicates a point of attachment to the Ir. In some 
embodiments, the ?rst bidentate ligand may be independently 
selected from the following: 

F 

\ 

/N 

\ z 

| /N 

t, and , 

wherein I indicates a point of attachment to the Ir. In some 
embodiments, the two bidentate ligands or the two optionally 
substituted bidentate ligands may be the same. 

In some embodiments, the second optionally substituted 
bidentate ligand may be selected from the following group: 

wherein m is an integer in the range of l to 9, p is an integer 
in the range of l to 20, Z is 0, l or 2, R1 is selected from alkyl, 
substituted alkyl, aryl and substituted aryl, and R2 is selected 
from: alkyl, substituted alkyl, aryl and substituted aryl; and * 
indicates a point of attachment to the core or X. 
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An embodiment described herein relates to a composition 
that comprises one or more compound of formula (I) selected 
from: 

30 
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-continued 

wherein R3 is the host having one of the following formulas 60 

fie/R5 k 65 
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wherein k is 0 or an integer selected from 1 to 20, and R5 can 
be selected from the following: 

0 I? 
Q RR R R 

R R 

/Ti\0 R 
0 \/\N 

R 




















































































